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Abstract 
Semarang bay was located in the Central Java Province has problems of land subsidence, inundation, limited land and shortages of 
fresh water. One of the efforts to solve the problems is by building a giant seawall in Semarang bay. BPPT, according to its function 
and task has a concept of the giant seawall (GSW BPPT concept). The aim of the study is to simulate the hydrodynamics, i.e. 
surface elevation and sea current components, of the existing condition as well as the GSW BPPT concept. Modeling was carried 
out using the software package MIKE21 HD FM module, developed by DHI Water and Environment, Denmark. The GSW BPPT 
concept configures 3 lakes with the stored water coming from the existing river flows. The model shows that the GSW BPPT
concept changes the hydrodynamic patterns in the area within 5 km from the structure, and may increase the discharge of fresh 
water by 140 m3/sec in western lake, 57 m3/sec in central lake and 46 m3/sec in eastern lake. 
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1. Introduction 
Semarang bay is located to the north of the Kendal District, Semarang City and Demak District.  The area lies on 
the central part of the island of Java, constrained by Bodri River on the west and Wulan River on the east. Semarang 
bay has a total area of a 600 km2, a shoreline of a80 km, an average water depth of ~10m, and 29 outfalls. 
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The problems of Semarang bay are land subsidence, inundation, flooding, abrasion, limited land and shortages of 
fresh water. These problems are due to the changes of land use on the coastal area, over exploitation of groundwater, 
coastal ecosystem damage, and dynamic processes on the coast that happens both from the land and sea. 
These problems result in destruction of residence area, ponds, social facilities, tourism areas and infrastructures 
especially the main road of the north beach (as called as pantura), which affect the economic activities. These problems 
can be addressed by means of coastal defense principles, there are two approaches to the design of coastal defense 
schemes. The first approach is referred to as the soft engineering and the second one is referred to as the hard 
engineering1. The approach of the soft engineering keeps and makes use of the environment and coastal ecosystems 
such as mangrove, sea grass and coral reef, while the hard engineering approach develops structures constructed on 
the coastline or offshore, like seawall or giant seawall, breakwater, and groins or combined. 
Interaction with the atmosphere on a wide scale affects coastal hydrodynamics; naturally, without any human 
intervention, the condition of coastal area will configure equilibrium values. Human intervention such as the 
development on the coastal area needs our attentions, especially how the development will affect the hydrodynamics 
and the beaches like sedimentation and accretion. There is increasing need to understand the hydrodynamics of coastal 
and littoral zones because of its important influence on sedimentations in shoreline and other, water quality and 
biological processes. 
Development on the sea or coastal areas requires descriptions of the sea conditions such as hydrodynamic 
conditions, which can be obtained from survey and measurement. These data can be used for forecasting or mitigation 
efforts. However, survey and measurement of long periods to describe sea conditions are costly, and one method to 
describe hydrodynamic conditions on large scales and long periods is done by numerical modeling.  
The aim of the study is to simulate the hydrodynamics, i.e. surface elevation and sea current components, of the 
existing condition, as well as the GSW BPPT concept. 
Fig. 1. Domain of the study and bathimetry of Semarang bay 
2. Method and Material  
1.1. Hydrodynamic model 
The 2D-Hydrodynamic Model MIKE 21 is a 2 dimensional model that can simulate the hydrodynamic conditions 
which take into account variations in density, bathymetry and other external driving force. In general, a two-
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dimensional equation of hydrodynamics and thermal dispersion consists of the main components which include: 
conservation equations of mass (continuity) and momentum conservation equation2. Circulation caused by tidal 
currents in coastal waters is described by the law of conservation of momentum and mass of water. 
The model uses the software package MIKE from the Danish Hydraulics Institute (DHI), Denmark whose licenses 
are owned by BPDP-BPPT. MIKE is very reliable for modeling the dynamics of coastal engineering problems, such 
as hydrodynamics, cooling water recirculation from the power plant or other environmental problems such as 
sedimentation, eutrophication, etc. MIKE has modules to the needs of its use. For this study we use MIKE 21 HD FM
module (hydrodynamic) which is the basic module. HD module is used to model the water circulation in the water, 
FM means "flexible mesh" that allows us to model the irregular morphology more accurately.  
The hydrodynamic module in the MIKE 21 Flow Model FM (MIKE 21 HD, FM) is a general numerical modeling 
system for the simulation of water levels and flow in estuaries, bay and coastal water areas3. It simulates unsteady two 
dimensional flows in one layer (vertically homogeneous) fluids and has been applied in a 2-D model development of 
Semarang bay.  
1.2. Governing equations 
The following equations, the conservation of mass and momentum integrated over the vertical, describe the flow 
and water level variations: 
The continuity equation is: 
         (1) 
The momentum equation in x-direction is: 
            (2) 
The momentum equation in y-direction is: 
                        (3)
            
  
   
where p and q (m3/s/m) are fluxes in x and y-directions respectively, t (s) is time, x and y (m) are Cartesian 
coordinates, h (m) is water depth, d is time varying water depth (m), g (9.81 m/s2) acceleration due to gravity, ζ (m) 
is the sea surface elevation, C is a Chezy resistance parameter (m1/2/s), f(V) wind friction factor, V, Vx, Vy wind speed 
and components in x and y-directions (m/s), Ω is Coriolis parameter which is latitude dependent (s−1), Pa is atmospheric 
pressure (kg/m/s2), ρw density of water (kg/m3), τxx, τxy, τyy components of effective shear stress. 
1.3. Design of hydrodynamic modeling 
The system is based on the numerical solution of two dimensional incompressible Reynold averaged Navier-Stokes 
equation invoking the assumptions of Boussinesq and hydrostatic pressure, thus, the model consist of continuity, 
momentum, temperature, salinity and density equations and it is closed by turbulent closure scheme. 
Numerical modeling was conducted using MIKE21 HD FM Software. Mike21 HD FM simulates unsteady flow, 
taking account bathymetry and external forcing such as tidal elevation, wind and hydrographic conditions. The models 
solve the momentum and depth average continuity equation and the flexi mesh enables a fair description of details and 
channels throughout the bay and harbor area. 
The model area lies within (Lat: -6.981864°; Lon: 110.153081°) and (Lat: -6.705476°; Lon: 110.605862°). The 
Hydrodynamic model in Semarang is forced by surface elevation (tides), 29 river discharges, and metrological 
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conditions i.e. wind forcing, temperature, etc. Surface elevation and wind forcing are given at the open boundary at 
the northern part of the domain. 
The tidal forcing was taken from the output of modeling by Global Ocean Tide Model Driver (TMD)4 at the 2 
points (east and west parts of the domain) which was then linearly interpolated along the boundary. The bathymetry 
data for modeling was taken from Navy chart Indonesia verified with survey data by the team from BPPT in 2014. 
Hydrodynamic modeling was carried out in two scenarios: 1. Scenarios for the existing condition, 2. Scenarios with 
the presence of the GSW. The main differences between these scenarios are the addition of the GSW structures and 
the bathymetric data around the structures.
Fig. 2. Structure of GSW (Giant Seawall BPPT) (source: BPDP-BPPT, 2014) 
Fig. 3. Meshing of the model domain and the bathymetry conditions (a) existing condition (b) with GSW (BPPT 
concept) 
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1.4. Data and Material of research 
Table1. Input data for hydrodynamic modeling 
Details Sources of data
bathymetry Data Navy chart and data survey bathymetry BPPT, 2014
coastline of Semarang bay Survey by BPPT 2014, Google Earth 2014
winds, climatology and meteorology conditions BMKG Meteorological A. Yani Semarang
discharge of 20 rivers in Semarang City Profile BBWS Pemali Juana 2010, Book of  Environmental Status of 
Semarang city, 2013
discharge of  6 rivers in Kendal District Book of Environmental Status of Kendal District, 2013
discharge of  7 rivers in Demak District Profile Balai Besar Wilayang Sungan Pemali Juana, Dirjen SDA – PU
Tides Data Calculations from TMD 2014, Survey by BPPT 2014
GSW BPPT Concepts The Final Report of program “Konsep Pola Spasial Pengembangan 
Konektivitas dan Infrastruktur Pantai, Program DIPA BPDP-BPPT 2014”
2. Results and Discussion 
2.1. The validation of results 
To validate the model results with the actual conditions, the Root Mean Square Error (RMSE) calculations were 
used. RMSE is the parameter used to evaluate the value of modeling using MIKE 21 software to the true value or
values that are considered true (data from BAKOSURTANAL or Tide Model Driver). The RMSE value of the 
comparison between surface elevation of survey and result modeling was found to be 11.37%. This could be due to 
the fact that surface elevation data on the open boundary using TMD Data had an RMSE value of 11.35% compared 
to the surface elevation survey data. It can be said that the results from HD FM module of MIKE21 are comparable 
with those from observations at the open boundary. 
2.2. Results of Hydrodynamic Modeling 
The results of Hydrodynamic modeling are surface elevation and current components i.e. current speed and current 
direction averaged by depth. The modeling of hydrodynamic was run for January (wet season). However, modeling 
for the dry seasons was not carried out due to insufficient river discharge data. 
The results of hydrodynamic modeling in Semarang bay are shown in Fig. 5 and Fig. 6, representing the tidal 
conditions. Generally, there is a change in hydrodynamic patterns after the addition of the GSW structures.  
More detailed results were obtained by extracting the results at some points in the domain. Again, the hydrodynamic 
patterns in the area before and after the presence of the GSW structures were compared, as shown in Fig. 4 below. 
Fig. 4. Location of extraction points for detailed hydrodinamic conditions 
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Fig. 5. Results of hydrodynamic modeling for existing condition 
Fig. 6. Result of hydrodynamic modeling in the presence of GSW BPPT Concept 
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Fig. 7. Surface elevation (a) Existing Condition (b) with GSW BPPT Concept 
Fig. 8. Comparasion of current speed between existing condition and GSW BPPT concept 
(a) maximum current speed (b) average current speed 
Surface elevation is usually used to describe the patterns of ups and downs that occur in the sea. If a location is 
connected directly to the open water, it can be described from the modeling that the pattern of sea level changes in 
response to the interaction of the atmosphere and meteorology. 
The surface elevation modeling results (from the results of calculations during the 11 days that includes low tide 
and high tide conditions that occur in Semarang) show that the pattern of tidal waters in Semarang, as well as tidal 
patterns which are prevalent in the north of Java, can be said as having the type of mixed tide prevailing diurnal. In 
particular days of certain conditions, this pattern also changes to become mixed tide prevailing semidiurnal.  
The GSW BPPT concept configures 3 lakes with the stored water coming from the existing river flows (see Fig. 6). 
The results show that for areas connected with open sea, the condition of surface elevation follows the tidal condition 
(location 1, 3, 4, and 7-11). Meanwhile, at points 2, 5 and 6, which respectively represent the western, central and 
eastern lakes, the surface elevation increases during the 11 days simulation. As illustrated in Fig. 7, the sea surface 
rises by 11.58 cm/hr at location 2, 14.29 cm/hr at location 5, and 7 cm/hr at location 6. 
In terms of changes in the pattern of ocean currents, the presence of GSW BPPT concept will affect both the speed 
and direction of the current. However, far from the location of the GSW structures (5-10 km), the changes will not be 
significant. As can be seen in Figure 9(a) and (b), at locations 9, 10 and 11, relatively equal flow velocity is observed 
in both conditions. Therefore, in the far field, the GSW BPPT concept can be interpreted as having no effects on the 
existing structure. At locations around the structure, in general, there are significant changes in the current speed. At
locations 2, 3, 4, 5 and 6, the current speed changes drastically along with the formation of a small stream around this 
structure which might cause sedimentation and further study is needed concerning this matter. 
3. Conclusions 
Coastal hydrodynamic modeling has been done in Semarang bay for the existing condition as well as after the 
addition of GSW BPPT concept, with the following results: 
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x In the presence of the GSW, the maximum discharge of fresh water into the western, central and eastern lakes 
are 140 m3/sec, 57 m3/sec and 46 m3/sec respectively. 
x The existence of GSW BPPT concept only affects the conditions of water flow in the area within 5 km from 
the GSW structures. 
Acknowledgement 
Thanks to Dr. Rahman Hidayat as the Co-Chair of KJS Program, TIRBR–BPPT 2014, and Head of Coastal 
Dynamics Research Center (BPDP), to the BoE of BPDP, all engineers involved in the program Technology Clearing 
House Java Sumatera Connectivity (KJS) – DIPA BPDP BPPT 2014, Semarang Survey Team BPPT 2014, Dinas 
PSDA of Central Java, BAPPEDA of Central Java, BAPPEDA of Semarang city, BLH of Semarang city, BLH of 
Kendal district, BLH of Demak district and BMKG Meteorological Station A. Yani Semarang 2014. 
References 
1. Dominic Reeve, Andrew Chadwick, Chris Fleming. Coastal Engineering: Processes, Theory and Design Practice. Spon Press. London and New 
York: 2004. 
2. Danish Hydraulics Institute (DHI). MIKE 21 & MIKE 3 Flow Model FM – Hydrodynamic and Transport Module, Scientific Documentation. 
Denmark: DHI, Ed. 2011. 
3. _______. MIKE 21 & MIKE 3 Flow Model FM – Hydrodynamic and Transport Module, User Guide. Denmark: DHI, Ed. 2011. 
4. Padman L, Lana Erofeeva. Tide Model Driver (TMD) Manual. Eugene, United States: Oregon State University (OSU), 2005. 
5. Direktorat Jenderal Sumberdaya Air, Departemen Pekerjaan Umum. Profil Balai Besar Wilayah Sungai Pemali Juana, BBWS Pemali Juana, 
INA, 2010. 
6. Dinas PSDA Jawa Tengah, Bodri-Kuto. Laporan Akhir - Rencana Pengelolaan Sumberdaya Air Wilayah Sungai Bodri – Kuto. Semarang –
INA: 2011 
7. Dinas PSDA Jawa Tengah. Laporan Status Kualitas Air Balai PSDA Jragung Tuntang, Balai PSDA Jragung Tuntang, Semarang, INA: 2013.  
8. Kantor Lingkungan Hidup (KLH) Demak. Status Lingkungan Hidup Daerah Tahun 2013. Demak, Indonesia: KLH, 2013.
